ABSTRACT The local field at large distances from a charged or dipolar impurity in a nonpolar polarizable fluid is related to the dielectric constant of the medium. The predicted local field agrees accurately with molecular dynamics results. In contrast, the usual continuum theory prediction is only accurate to first order in the polarizability and leads to serious error for realistic values of the polarizability. At smaller distances these relations cannot be used to define a ph sically reasonable local dielectric constant and consequently the local field is more satisfactorily described in terms of a screening function.
One of the surprising results of molecular dynamics studies (1, 2) on the local electric fields (the field at a particle) around charged or dipolar impurities in a nonpolar polarizable solvent was the failure of the continuum theory to relate the local field to the dielectric constant of the solvent even at large distances from the impurity. The continuum theory was shown to be exact in the limit of small dielectric constant or to terms linear in pa, where p is the density and a the polarizability of the solvent (1) (2) (3) . The large discrepancies at higher dielectric constants between the continuum model and the molecular dynamics results must be ascribed to differences in the nonlinear terms caused by the unnecessary introduction of cavities. The introduction of cavities results in boundary charges on their surface which affect interactions at all solvent particle-impurity separations. The present work avoids the introduction of cavities and successfully predicts the local field at large distances in terms of the dielectric constant. Given this asymptotically valid relation we then address the question of whether it can be sensibly applied at small distances; in other words, whether one can define a physically meaningful local dielectric constant around a charged or dipolar impurity.
Rigorous relations between the local field and the dielectric constant for the nonpolar polarizable fluid can be derived because the polarization of a particle is determined by its local field. If the average local field of a particle at i from the impurity is denoted (e(i)), then the average polarization for a particle at r is obtained by multiplying by the polarizability, a. Further multiplication by the probability of finding a particle at i pg(i), where g(r') is the pair distribution function, gives the average polarization density at i P(i) = af (e(r)) pg(i).
The dielectric constant is defined by the relation betwee polarization density and the Maxwell field, E(r), The publication costs of this article were defrayed in part by charge payment. This article must therefore be hereby marked vertisement" in accordance with 18 U. S. C. §1734 solely to ind this fact.
Proc. Natl. Acad. Sci. USA 77 (1980) for nonpolar, polarizable fluids. This relation can be used to eliminate pa from Eq. 2.7 to give an expression for the longdistance screening function of the local field purely in terms of the dielectric constant: 5 =E+2 SE [2.9] This expression is to be contrasted with the continuum model where both the impurity and the solvent particle located at r from the impurity are surrounded by cavities immersed in a dielectric continuum.t This model gives
where the first factor is the screening of the Coulomb field in the continuum and the second factor relates the field in the continuum to that in the cavity.. The two expressions for S are not even qualitatively similar at large E.
In Table 1 the molecular dynamics results for the asymptotic screening function around a charge in a solvent of polarizable Lennard-Jones particles, SMD, are compared with Eqs. 2.9 and 2.10. The dielectric constant for these last two columns was calculated from Eq. 2.8. Clearly, the new expression describes the computer results to within experimental uncertainties whereas the continuum expression is only accurate for low pa values.
Having related the local field at large distances from the charge to the dielectric constant, it is interesting to test the utility of this expression at shorter distances. Application of Eq. 2.6 leads to the dielectric function E(r) listed in Table 2 , where the radial distribution function and the screening function (see also figure 1 of ref.
2) are given as well for two different impurity charges. The lower charge is sufficiently small that the fluid structure is essentially unaltered from the pure fluid case. Even for this case, where one might have thought that the concept could be extended to smaller distances, E(r) has very erratic behavior, becoming negative in the region of the first peak in g(r) and is more than twice its asymptotic value even at the second peak. By contrast, the screening function is considerably smoother, staying within a few percent of its final value after the second peak in g(r). The screening function, S(r), is clearly the more reasonable way of describing local fields near the charge.
DIPOLAR IMPURITY For the dipolar impurity in a nonpolar polarizable solvent the polarization density consists of two parts: a dipolar component and a reaction field component that points along the impurity dipole moment ,0, § P(;) = PD(r)(3rr-I) * Ao + PR(r)flo, [3.1] where [3.9] where U/N is the dipolar part of the internal energy per particle of the equivalent fluid of permanent dipoles. The value 
